Mutton fat is a by-product resulting from slaughterhouse which may cause pollution unless its used. Antioxidant is the most important characteristics of any food products to meet the customers demand. In This work, it succeeds to utilize fat by-product in generation of naturally antioxidant product. The sugar in maillard reaction was substituted by mutton fat by-product as carbonyl sources via thermal reaction (as model system). The antioxidant activity of different model systems was evaluated by using four methods, namely, 1, 1-diphenyl-2-picrylhydrazyl (DPPH), reducing power, chelating effects on ferrous ions and β-carotene were studied. The effect of water activity was found to have a pronounced influence on antioxidant properties. The model system of fat/ cysteine/ water has higher antioxidant activity (78.0%) than fat/cysteine without water model system (65%), in comparison with tertiary butyl hydroquinone (TBHQ) (98.73%).
INTRODUCTION
The Maillard reaction, a well-known non-enzymatic browning reaction involving a reducing sugar and an amino acid, may produce colored or colorless reaction products depending on the stage of the reaction as well as other factors such as pH, type of reactants, temperature, water activity, etc. Condensation reactions between amino acids and lipid oxidation products may also form Maillard reaction product (MRP), and the role of lipids in the Maillard reaction is similar to the role of reducing sugars (Shahidi, 2005) . A group of compounds in the final products of the reaction includes high molecular weight melanoidins, which are furan ring and nitrogen containing brown compounds. Little is known about their physical, chemical and physiological properties because of their complex structures.
The Maillard reaction plays an important role in the production of quality bakery products. Color of bread crust and pasta products is determined particularly by MRP. Dehydrated food, baked and grilled meat products, and thermally processed foods may contain various levels of MRP. Since various factors such as type of reactants (Wijewickreme and Kitts, 1998) , temperature, pH (Monti, 1999) , water activity, intermediate products (Vasiliauskaite & Wedzicha, 1997) and availability of oxygen can strongly affect the formation and properties of the final reaction products, model systems have been studied more often than the actual food. In general, Maillard reaction products have been reported to have antioxidant activity through scavenging oxygen radicals or chelating metals.
Maillard reaction products had the highest antioxidant activity determined by conjugated diene formation from oxidation of linoleic acid among MRP from either dipeptides of histidine-phenylalanine or lysine-alanine, amino acids histidine, lysine, or ascorbic acid when glucose was used as a reducing sugar (Reische, 1994) . MRP obtained from heated histidine and glucose exhibit copper ion binding ability in oil/water mixtures (Bersuder, et-al, 2001 ). Compounds produced from the MR with amino reductone structures may have both antioxidant and pro-oxidant activities (Pischetsrieder, et-al, 1998) depending on the reaction conditions. Oxidative reactions occurring in a variety of foods can highly affect their sensorial and nutritional qualities. Antioxidants can play a role in the prevention of autoxidation. So, the consumers are increasingly concerned about chemical additives used in foods. They are approved for use in a limited number of food products and each new synthetic antioxidant must be subjected to a lengthy process of evaluations for proof of safety. However, there are two major problems for the use of conventional antioxidants such as butyl hydroxytoluene (BHT), butyl hydroxy anisole (BHA) and tertiary butyl hydroxyl quinoline (TBHQ). Because the synthetic antioxidant have carcinogenic effects on living organisms, due to the growing concern for the potential health hazard of synthetic antioxidants, there is renewed much interest in the use of naturally occurring substances [Baardseth,1989] . The antioxidant capacities of MRPs were reported to have strong antioxidant properties comparable to those of commonly used food antioxidants [Jayathilakan et-al, 2006] . Therefore, the present work was devoted to extracted antioxidant as a food grade using mutton fat byproduct. The Maillard reaction by heating a model system containing cysteine and fat to obtain natural antioxidant products was studied. The effect of water activity on the formation antioxidant prosperities were evaluated in comparison with TBHQ as a popular food antioxidant by four different methods, 1,1-diphenyl-2-picrylhydrazyl (DPPH), reducing power, chelating effects on ferrous ions and β-carotene assayes.
MATERIALS AND METHODS

MATERIALS:
-Chemicals used for different analysis of mutton fat were supplied by international companies (Merk, Germany and BDH, England).
-L-Cysteine (L-Cys), β-carotene, linoleic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH), tert-butyl hydroquinone (TBHQ), polyoxyethylene sorbitan monopalmitate (Tween-80), chloroform (99%) and sodium sulphate anhydrous (Na 2 SO 4 ), potassium ferricynide, trichloroacetic acid, ferrus chloride(FeCl 2 ) and ferrozine were purchased from Merck (Darmstadt, Germany). Dichloromethane (DCM) (99.8%), pressurized sealed bottles: with thermal taps were purchased from Aldrich and Sigma company (Germany).
-Mutton fat was supplied from slaughterhouse, Cairo, Egypt.
-METHODS
1-Analysis of Fat a-chemical characteristics:
Mutton fat was analyzed for its chemical characteristics according to the American Oil Chemists Society Methods, (AOCS, 1998) [Davied, 1998 ]. Acid value, peroxide value, saponification value, iodine value and unsaponifiable matters were determined. The ester value was estimated by subtracting the acid value from saponification value (SV-IV).
b-Fatty acid composition: Mutton fatty acid methyl esters were prepared by (IUPAC standard methods, 1987) , and according to A.O.C.S. method. Determination of fatty acid composition was performed as described by Mitruke (1984) using Hewlett Packard HP 5890 series II gas chromatography, equipped with flame ionization detector (FID), operated under the following conditions:
Detector, flame ionization (FID); column, capillary, 30.0 m x 530 µm, 1.0 µm thickness, polyethylene glycol phase (INNO Wax); N 2 with flow rate, 15 ml per min with average velocity 89 cm/s (8.2 psi); H 2 flow rate, 30 ml per min; air flow rate, 300 ml per min; split ratio, 8:1, split flow, 120 ml per min; gas saver, 20 ml per min. Detector temperature, 280ºC; column temperature, 240ºC; injection temperature, 280ºC. Temperature programming starting from 100ºC to reach a maximum of 240ºC was used for eluting the fatty acid methyl esters. The identification of peaks was made as compared with chromatograms of standard fatty acids methyl esters (Sigma, USA).
2-Maillard reaction model systems:
Two reaction mixtures were made up in presence or absence of distillated water; each mixture containing L-Cys (I mmol) and fat (10 g).The two mixtures were as follows:
Model A: fat/ L-Cys/ water, Model B: fat/ L-Cys/ without water: Each reaction mixture was heated at fixed degree for 30 min in a 1000 mL sealed bottle (Merck Ltd.), fitted with an airtight and was then allowed to cool and subjected to the further study.
Extraction of antioxidant compounds of Maillard reaction model systems :
The reaction mixtures obtained from pressurized bottle after reaction complete were subjected to a simultaneous steam distillation (1 L of water) and solvent (dichloromethane, 200 mL) extraction. The dichloromethane extract was dried over anhydrous sodium sulfate. After the solvent was removed by rotary evaporator, the obtained concentrates were evaluated for their antioxidant activity (Wettasinghe et al., 2001) .
Antioxidant activity of Maillard reaction products (MRPs)
β-Carotene bleaching assay: Antioxidant activity of the aqueous solution was determined by a β-carotene/ linoleic acid system, as described by Matthaus (2002) . Briefly, 2 ml of β-carotene solution (5 mg / ml), 40 mg of linoleic acid were transferred to a round-bottom flask. Chloroform from the samples was evaporated using a stream of nitrogen. Then 100 ml of oxygenated distilled water were added slowly to the residue and vigorously agitated to give a stable emulsion. Aliquots of 2 ml of this emulsion, different volumes of the samples were added, and added the same volumes of standard mixture. Absorbance was measured spectrophotometrically at 470 nm by using (UV-Visible spectrophotometer-Shimadzu, Japan) after incubating the reaction mixtures in water bath DPPH free radical scavenging assay: DPPH free radical scavenging assay carried out according to Yara et al (2009) the reaction mixture containing various volumes of MRPs, 50,100,200 and 400 µl were added into 4 ml of DPPH solution (5 mg/500 ml MeOH) and the tubes vigorously shaken and incubated in the dark at room temperature for 30 min. After incubation, the absorbance of the reaction mixture was measured spectrophotometrically at 517 nm. All experiments were carried out in triplicate. The scavenging effect of DPPH free radical was calculated by using the following equation 
Determination of reducing power
The reducing power of the MRPs model systems was determined according to the method of Ling-Bin (2011) with modifications. Various volumes of MRPs, 50,100,200 and 400 µl were mixed with 1.0 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 1.0 ml of 1% potassium ferricyanide (K 3 Fe(CN)6). The reaction mixtures were incubated in a temperaturecontrolled water bath at 50 o C for 20 min, followed by addition of 1.0 ml of 10% trichloroacetic acid after cooling to room temperature. The mixtures were then centrifuged at 750 r.p.m using a centrifuge (TG16-WS, Xiangyi, Changsha, China) for 10 min at 25 o C. The supernatant obtained (1.0 ml) was treated with 1.0 ml of distilled water and 200 µL of 0.1% FeCl3. The absorbance of the reaction mixture was measured at 700 nm with Shimadzu 1601PC spectrophotometer. Results were the average of three measurements and expressed as absorbance units (AU).
Determination of chelating activity on Fe
2+ :
Chelating activity of the MRPs fractions was determined by the method of Ling-Bin, (2011) with modifications. The sample solution (1 ml, 2.0 mg/ml) was mixed with 1.85 ml H 2 O (de-ionized) and 0.05 ml 2.0 mM FeCl 2 , the mixture was allowed to rest at room temperature for 30 seconds.
MRPs, 50,100,200 and 400 µl were mixed with 0.1 ml 5 mM ferrozine (Sigma, Germany) and mixed, absorbance at 562 nm was determined with Shimadzu 1601PC spectrophotometer after 10 min resting time at room temperature and 5 min centrifugation at 3000 rpm. For the blank, the assay was conducted in the same manner but H 2 O (deionized) was added instead of sample solution. Results were the average of three measurements and expressed as chelating activity (%). The percentage of chelating activity was calculated from equation 3, as follows: A 562 nm sample is the absorbance of sample A 562 nm blank is the absorbance of the blank.
Statistical analysis:
All analyses were performed in triplicate. The data were recorded as means ± standard deviations and analyzed by SPSS (version 10.1 for windows 98, SPPS Inc.). One-way analysis of variance (ANOVA) and Turkey multiple comparisons were carried out to test for any significant differences between the means; the mean value of antioxidant activities and sensory analyses of model systems.
RESULTS AND DISCUSSION
Chemical Properties: Chemical characteristics of mutton fat (by-product) have been extensively investigated. The obtained results are illustrated in Table (1) . 
Maillard reaction :
Maillard reaction has been extensively used in this work for antioxidant production; it can have a strong impact on the appearance, and nutritional value of many food products. However, more studies should be performed in order to achieve an economical final product to meet the customer's demands especially in the field of antioxidant as food additives. Table ( 2). The generated hydrogen sulfide was reacted with volatile compounds which formed from the thermal action have antioxidant activity. Interaction between pyrolysis of cysteine with fat fragments has been illustrated in scheme (1, 2). The heterocyclic compounds, especially those containing sulfur, are very important to generation of heterocyclic compounds have antioxidant activity. Table ( 2) that, the saturated and unsaturated fatty acids contents are 59.3% 40.7% respectively. Also, it was noticed that, the saturated: unsaturated ratio fatty acids are (1.45:1.0) respectively. Stearic acid constitutes more than 47.0% of the saturated fatty acids, while oleic acid makes more than 91.0% of the unsaturated fatty acids. On the other hand palmitic acid forms more than 23.0% of the total fatty acids of extracted mutton fat. 
Fatty acids composition: Fatty acids composition of mutton fat is illustrated in
H2S +
O
Antioxidant activity of (A and B) model systems:
It is well known that natural antioxidative food compounds are important for food technology, because they prolong the shelf life of processed food stuffs. More recently they also gained more interest because it was suggested that, their intact is beneficial for health and they are protective, e.g. against coronary heart diseases [Adams, 1991] . The radical scavenging activity of the two model systems were measured by DPPH and β-carotene methods [Katrina Brudzynski and Danielle Miiotto, 2011] . As shown in (Figures 1 and 2) , the model system of fat/ cysteine/ water has higher antioxidant activity (78.0% at 400 µg/ml) than fat/ cysteine without water model system (65% at 400 µg/ml) in comparison with TBHQ (98.73% at 400 µg/ml). Also as expected, (A) model system has higher antioxidative efficiency than (B) model in β-carotenelinoleate method, (A) model system inhibited the bleaching by (73.5% at 400 µg/ ml) compared TBHQ with (98.86% at 400 µg/ml). In addition to above, the antioxidant activity of MRPs were measured by ferric reducing methods as reported by Feng et al , 2010 . It is clear from ( Figure  3 ) that, the model system of fat/ cysteine/ water has higher absorbance (0.5236 ± 0.011at 400 µg/ml) than fat/ cysteine without water model system (0.4268±0.025 at 400 µg/ml) in comparison with TBHQ (0.8978± 0.034 at 400 µg/ml). Ferrous ion chelating activity of MRPs is shown in (Figure 4 ). Fat/ cysteine/ water model system exhibited high metal-chelating power (70.2%), whereas fat/cysteine/ without water has low antioxidant activity (64.1%) in comparison with TBHQ (99.3%). MRPs have been found to be effective as metal-chelating compounds [Rufian-Henares and Morales, 2008] . The high molecular weight MRPs were reported to possess greater metal-chelating potential than low molecular weight MRPs and the chelating activity can possibly be attributed to heterocyclic compounds originating from MRPs (Hofmann, 1998) .
The Maillard reaction products of fat/ cysteine/ water model system were found to be higher antioxidant activity than fat/cysteine/ without water model system. The affect of water in (A) model system is referred to generate several heterocyclic volatiles with antioxidant activity as thiazoles, thiols and pyrazines derivatives, Schemes (1 &2). The model system (A) gives 35 compounds while model system (B) gives 16 compounds, Figures (5 & 6) , the obtained results was agreement with that obtained by El-Ghorab et al., 2009 .
CONCLUSIONS
1-
The reaction between mutton fat with cysteine led to the formation of numerous heterocyclic compounds which could impart in antioxidant activity. 2-Fat/ cysteine/ water model system has higher antioxidant activity than fat/cysteine/ without water model system in comparison with TBHQ. 3-Maillard -Fat interaction could be used successfully to produce economic, safe and food grade additives products. 
